The ability of various infectious agents to cause lesions in the fetus has been well documented19 9 9 13,19. The character of such lesions varies from necrosis to exudation and proliferation. In most diseases, the nature of the lesions in the fetuses differs markedly from that observed in postnatal life. The chief manifestation of disease in females infected with many of the abortifacients of domestic animals is abor-tion13 and the lesions are confined to the endometrium. In males there may be no change or a mild to moderately severe systemic or genital disease. Rarely do any of the common abortifacients result in postnatal death.
Previous studies revealed that infection with Brztcella ovis in the fetal lamb resulted in a definite pattern of lesionslg. Fetal lambs inoculated on day 43 of gestation were not aborted until over 60 days later. Although the placentas of sheep lack the mechanism for passively transferring antibodies to the fetus7, antibodies against BrztceLZa ovis were demonstrated in the infected fetal lambssp 19. Fetal lambs apparently become immunologically competent to this organism relatively early and are therefore capable of surviving for prolonged periods in .~terolg. These studies were undertaken to determine the types of response to infection of which the fetal lamb is capable.
Materials and Methods
Sixteen crossbred ewes, varying from 1 to 4 years of age, were selected for this experiment and selected randomly for treatment or control (Table I ). All were free of infection with Brucella ouis, as determined by negative complement-fixation (CF) tests, and were bred to Suffolk or Rambouillet rams which had no palpable epididymal lesion or demonstrable CF antibodies against Brucellu ovis. Breeding dates were recorded for each ewe.
The organism used in these experiments was isolated from the seminal fluid of a natural case of epididymitis in a ram, its pathogenicity for fetal lambs investigated, and carried for a number of passages before use in this study. Seventy-twohour subcultures grown on bovine blood agar were harvested and suspended in distilled water to make a dilution comparable to a McFarland 3 tube or approximately l o 9 cells. All inoculations were made with 1 ml ofthis suspension. The organisms were injected into the conceptus following laporatomy in 13 ewes in various stages of gestation (Table I) . Lambs were recovered 10 to 81 days after inoculation. One of 3 control ewes received an intrauterine inoculation of sterile distilled water.
The ewes were electrocuted immediately after blood was withdrawn for serological purposes and the fetuses and their membranes collected. The lambs were autopsied immediately and samples of lung, liver, spleen, and abomasum saved for culture. Small blocks of most organs, tiswes, and placentas were fixed in 10% neutral formalin and/or Zenker's solution. Tissues were cut at 6p and stained with Harris's herratoxylin and eosin.
Specimens for bacteriological cultures were streaked on tryptose blood agar plates (Difco and 5% bovine blood agar) which werz incubated in a 10% COZ atmosphere at 37"C, observed daily for growth, and discarded after 5 days. Complement-fixation tests4.5 were performed on adult and fetal samples of strum. A soluble antigen was used.
Results
Gross changes in the infected lambs were limited to threads of fibrin on the abdominal viscera. Microscopic lesions were widespread (Table I) . Large cells with band-like nuclei occurred in many lesions, in which neutrophils were the principle cellular infiltrate.
Lung
In control lambs, there was a loosely arranged mesenchyme in the interlobular septa. The lobules consisted of bronchioles lined by columnar cells with clear cytoplasm and hyperchromatic nuclei and round, tubular-like structures lined by cuboidal cells. There was a modest amount of mesenchyme between the bronchiolar-like structures of the 100-day fetuses. A few hematopoietic foci were randomly distributed throughout the lungs. The lungs of the 133-day control lamb (20L1) resembled postnatal lungs.
Lungs through the 91st day of gestation consisted of bronchi, 
bronchioles, and immature mesenchyme. Hematopoietic and occasional granulopoietic foci were randomly scattered throughout the mesenchyme. Similar lesions were observed in all fetuses injected with the organism through 91 days after breeding. Macrophages and lesser numbers of neutrophils were in the bronchial lumens. Neutrophils occurred in moderate numbers in the submucosa and lamina propria of bronchi and bronchioles in the fetuses exposed 10 days before being killed. Lesions in the fetuses exposed 11 or more days before being killed consisted of nodules of reticuloendothelial cells in the immature mesenchyme or adjacent to pulmonary arteries and bronchioles (Figs. 1,2). Macrophages with pale, foamy, eosinophilic cytoplasm and vesicular nuclei were the predominant cells in the nodules. Neither lymphocyte nor neutrophil was observed in the nodules. Alveolar septa were evident in fetal lambs from day 98 to term; bronchi, bronchioles, and lobules were well formed. Lesions in lambs in the 98th to 125th day of gestation were similar, varying only in degree. A few foci of neutrophils were randomly distributed in the alveoli and interlobular septa. The proliferative nodules in the adventitia of pulmonary arteries were more characteristic and consisted of reticuloendothelial cells at the center and lymphocytes and plasma cells at the periphery (Fig. 3 ). Some of the lymphoreticular nodules, which partially obstructed bronchiolar lumens, were covered by pseudostratified epithelium. The alveolar and bronchiolar lumens contained moderate numbers of macrophages and in 1 case giant cells. The alveolar septa were thickened by hypertrophied septa1 cells. Modest numbers of neutrophils were interspersed in the luminal exudate.
The lungs of lamb 93L and 24L1, infected on days 126 and 129 of gestation and recovered respectively on days 136 and 147, were well developed. There were a few neutrophils in one or two areas of the lung of 93L and granulopoietic foci in the interlobular septa. In 24L1 there were a modest peribronchial lymphoreticular hyperplasia and a few macrophages in alveolar spaces.
Liver
The livers of the control lambs were architecturally similar to that of adult animals, consisting of lobules with cords of hepatic cells radiating peripherally from a central vein. The portal tracts consisted of portal veins, hepatic arteries, and bile ducts in a modest amount of stroma. Hematopoietic and granulopoietic foci were randomly distributed in the lobules. The most apparent change in the infected lambs was a marked infiltration of neutrophils with band-like nuclei in the portal tracts of 80to 125-day fetuses. In the fetuses of over 91 days of gestation, there were hyperplasia of reticuloendothelial cells in portal tracts and of Kupffer cells ( Fig. 4 ). Plasma cells occurred in portal tracts of a 125-day fetus (85L). Little or no evidence of inflammatory cells was found in lambs after 125 days of gestation.
Kidney
The stroma of the control kidneys consisted mainly of loosely arranged mesenchyme. The juxtamedullary nephrons and the collect- ing tubules of the medulla resembled those in postnatal kidneys. The nephrogenic area was a densely packed, hypercellular zone along the capsular surface. Immature glomeruli were solid, round, avascular masses of epithelial cells or hypercellular, tuft-like structures. Cleftlike Bowman's spaces and hypercellular tubular structures occurred adjacent to glomeruli. The kidneys of infected fetuses between 80 and 125 days of gestation had an inflammatory exudate of neutrophils in the medullary stroma or in the stroma and/or lymphatics of the subcapsular cortex. The exudate in lamb 85L contained reticuloendothelial cells. There was a lymphoreticular nodule in the pelvis of 24L1.
Spleen
The splenic architecture of control and postnatal animals were similar. Lymphocytic cuffs ensheathed follicular arteries, but there was no evidence of primary follicles or follicles with active centers. Lymphocytes and reticuloendothelial cells constituted the principle cell types in the splenic cords. Hematopoietic foci were common in the red pulp but plasma cells were uncommon.
The spleens of infected fetuses had segmental cuffing of follicular arteries with lymphoreticular cells through the first 80 days of gestation. Lymphoreticular cuffs were well formed in older fetuses and primary nodules were common in fetuses after 120 days of gestation. I did not see any follicle with an active center in these fetuses. A few neutrophils occurred in the red pulp of all spleens. Neutrophils occurred in moderate to large numbers in the trabecular stroma and in the adventitia of many central arteries in cases 91L, an 80-day fetus, and 95L, a 91-day fetus. In 95L, there were moderatenumbers of eosinophils in the trabeculae. Modest numbers of cells resembling plasma cells occurred in the splenic cords and primary nodules after 84 days of gestation.
Lymph Node
The lymph nodes of the control animals consisted of relatively thin bands of lymphocytes in the cortex and thin cords of lymphocytes and reticuloendothelial cells in the medulla. The subcapsular spaces and medullary channels were relatively acellular except for a few reticuloendothelial cells spanning the channels. Among the infected fetuses, a lymph node was not examined from 70L, the 54-day fetus. The mediastinal lymph node of 963L, a 68-day fetus, consisted of channels formed by reticular and endothelial cells. There was no evidence of primary nodules nor of a heavy concentration of lymphocytes in the cortex. In 91L and 89L, 80-day fetuses, the cortex consisted mainly of reticuloendothelial cells without evidence of primary follicular formation. In the medulla the channels were wide; vessels and a minimum of stroma formed the medullary cords. There were many neutrophils in the cortical and medullary sinuses but fewer in the medullary cords. The latter contained a few cells resembling plasma cells.
Lymphocytes were observed in increasing numbers in lambs from 84 days of gestation to term. Primary follicles were a common feature in lymph nodes of the older fetuses and in many cases they had active centers. Transitional cells and plasma cells occurred in the active follicles, but, more often they were in the cortical sinuses which also contained large numbers of neutrophils and modest numbers of eosinophils. The medullary cords of lambs infected over 10 days were bulky and consisted of neutrophils, reticuloendothelial cells, lymphocytes, plasma cells, and transitional cells. In most instances the medullary channels contained increased numbers of hypertrophic reticuloendothelial cells, moderate to large numbers ofneutrophils, andmodest numbers of lymphocytes, transitional cells, plasma cells, and eosinophils.
Brtrcella ovis was recovered from all fetuses except 70L and the 3 controls. No attempt was made to culture organs of 70L. Organisms were consistently recovered from the lung and abomasum and less often from the spleen and liver.
Discussion
Abortion associated with many microbial diseases is characterized by long incubation periods. Although exposure of the dam to Brtrcella spp. or psittacoid agents occurs prior to conception or early in gestation, abortion may not occur until much later139 149 21. The long incubation period has never been adequately explained, but, a few hypotheses have been advanced. The results of the work of MCGOWAN etal.14 with Brucella ovis led them to conclude that it needs a gravid uterus in which to flourish and 3 to 4 months of activity within the uterus in order to kill the fetus. OSBURN and KENNEDY'S~~ observations supported this hypothesis. They stated that although bacteremia may occur at any time during gestation, localization of organisms in the placenta probably does not occur before 75 days after conception. At this time, hematomas form in the placentomez as a result of leakage of blood from capillaries in the maternal septa. These loci have been proposed by JENSEN et a1.12 and MOLELLO et al. 15. 16,179 18 as the primary sites of localization of bacteria in many diseases resulting in abortion. In addition, OSBURN and KENNEDY~~ demonstrated by intrauterine inoculation of ewes at various stages of gestation, that Brtrcella ovis required at least 3 to 7 weeks of activity in the pregnant uterus before abortions occurred. Surprisingly, fetuses exposed earlier in gestation were retained in trtero longer than those exposed later. They concluded that the fetal lamb becomes immunologically competent to Brucella ovis early in gestation and is therefore capable of surviving for long periods in trtero. This experiment supports their observations and demonstrates that the organism is pathogenic in the young fetus, causing widespread lesions. Undoubtedly, many factors, including the remarkable responsiveness of the relatively young fetus to this organism, are important in the long incubation period observed in infection with Brucella ovis in pregnant ewes.
The distribution of lesions in parenchymal organs and internal lymph nodes was similar to that previously describedlg. Inflammatory changes were most readily recognized in the lung, although subtle changes occurred in other organs. Neutrophils constituted the principle cellular component in lambs recovered 10 days after inoculation, thus indicating that the initial fetal inflammatory response resembles that in postnatal life.
The lesions in fetal lambs exposed 11 to 81 days earlier were more fully developed and the exudate consisted predominately of reticuloendothelial cells, lymphocytes, and plasma cells. The character of the lesions in the fetuses varied with the stage of development. The lesions in the lungs of fetuses recovered prior to 92 days of gestation consisted of aggregates of reticuloendothelial cells forming granulomas, whereas lymphoreticular nodules predominated in the lungs of 98-to 125-day fetuses. Furthermore, these lesions were of greater severity, as the nodules resulted in stenotic bronchiolar lumens, and cellular exudate occupied the alveoli. The lesions in lambs exposed after 125 days of gestation were mild in comparison to those in lambs infected earlier. The reason for the variation in response during fetal development may be attributed to a number of factors. During the earlier stages of fetal development, the response may be influenced by the distribution of the multipotent primordial stem cells which could differentiate into reticuloendothelial cells. Another factor to be considered is that the granulomatous response through the first 90 days of gestation may represent the most primitive type of body defense against this organism. Probably of more importance is that the immunologic system is immature and lacks sufficient numbers of lymphocytes capable of participating in the formation of the lesions. In support of the latter, relatively few lymphocytes were in the lymph nodes and spleens of fetuses recovered before 92 days of gestation. Lymph nodes with moderate numbers of lymphocytes were found in fetuses recovered after 98 days of gestation. Presumably, more lymphocytes were capable of participating in the formation of lesions.
The widespread distribution and character of the lesions in the fetal lambs were not typical of those observed in adult sheep. Although there are a few reports to the contrary89 11, the infection in adult sheep localizes in the epididymides in rams and in the pregnant uterus of ewes. BIBERSTEIN et a1. 6 were unable to detect any change other than genital lesions that could be attributed to Bracella ovis in adult sheep. No satisfactory explanation has been offered for the type and distribution of lesions in the fetus. It seems plausible to assume that the difference in the fetus may be the result of immaturity of the immunological system. In this study, the ontogeny of the responses observed during fetal development appeared to follow a sequence which early in fetal life was best characterized as reticuloendothelial hyperplasia, and later was represented by lymphoreticular hyperplasia and formation of plasma cells. In contrast, the relatively mild systemic disease in adult sheep may be the consequence of a more functionally mature immunological system in which circulating antibody and accessory humoral factors are the principle mechanisms of body defense. The disease in the fetal lamb may represent another form of the 'deleterious consequences of active fetal immunity' described by SILVER STEIN^^.
Cultures of Brucella ovis were inoculated into the conceptus of ewes at various stages of gestation, and the fetal lambs were recovered from 10 to 81 days later.
All lambs, the youngest of which was recovered on the 54th day of gestation, had lesions. The character of the lesions varied from that of reticuloendothelial hyperplasia and granulomatous inflammation in fetuses up to 91 days of gestation to . that of a lymphoreticular nature with well-formed nodules of reticuloendothelial cells, lymphocytes, and plasma cells in older fetal lambs. It was suggested that the variation in the inflammatory response was attributable to the immaturity of the fetal immunologic system.
Zztsammenfaszing
Brucella ovis Kulturen wurden Schafen in verschiedenen Trachtigkeitsstadien in die Gebarmutter verimpft und die fetalen Lammer 10 bis 81 Tage spater gewonnen. Alle Lammerdas jiingste stammte vom 54. Trachtigkeitstaghatten Veranderungen. Die Art der Veranderungen variierte von retikuloendothelialer Hyperplasie und granulomatoser Entziindung bei Feten bis zum 91. Trachtigkeitstag und deutlich ausgebildeten Knotchen aus retikuloendothelialen Zellen, Lymphozyten und Plasmazellen bei alteren fetalen Lammern.
Es wird angenommen, dass die unterschiedliche entziindliche Reaktion durch die mangelhafte Reife des fetalen immunologischen Systems bedingt war.
